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1.0 EXECUTIVE SUMMARY 

Eleven Mile Creek is a 303(d)-listed impaired stream1 located near Pensacola in Cantonment, Escambia 
County, Florida.  Development within the watershed and encroachments to the creek have increased flood 
risks around the stream, notably for the purposes of this assessment, in the Bristol Park and Ashbury Hills 
neighborhoods adjacent to the creek.  On April 29th and 30th in 2014, a historic storm event delivered over 20 
inches of rain to the Pensacola area.2  This event contributed to extensive flooding in coastal Alabama and 
the western Florida panhandle, most notably in the Bristol Park and Ashbury Hills neighborhoods.  

This report is a geomorphic assessment of approximately 5,600 linear feet of Eleven Mile Creek, focusing on 
the physical conditions of the channel and stability of the system.  This section of channel was studied to 
identify impairments in the natural geomorphology of the channel and present potential restoration options 
to address stream stability, flood management, water quality, and riparian improvement in specific reaches.  

Stream assessment data indicates that restoration prioritizing bank stabilization and increased floodplain 
connectivity would be most effective in alleviating these issues. Due to the project constraints, including 
properties not participating in the Escambia County’s efforts to acquire properties affected by the 2014 
event, reaches should be prioritized for restoration based on their potential positive impact. Stream data also 
shows a lack of in-stream habitat and a riparian buffer overrun with invasive species, indicating a need for 
vegetative restoration, as well. No restoration involving channel realignment is recommended at this time. 

A Priority 3 restoration approach is a viable option for this project as it would provide increased access to 
the floodplain; thereby increasing flood storage, lowering the flood risk of the neighboring areas, lowering 
bank shear stresses, and lowering the potential for erosion. This approach would involve excavating a 
floodplain bench on the side of the channel at the existing floodplain elevation, planting native species along 
the new floodplain bench, and managing the growth of aggressive invasive species. The establishment of 
native plant species would further stabilize the stream banks and lower the risk of erosion. Because the 
assessment reach is constrained at its beginning by Highway 297A, end by Interstate 10, and laterally by 
private residences, it is recommended that sections of the reach be prioritized for floodplain excavation 
based on their level of impairment and potential positive impact. The potential for Priority 3 restoration is 
contingent upon areas available for floodplain expansion and may be constrained by properties not 
participating in the county’s acquisition efforts.  

  

1 http://restore.myescambia.com/Projects/ProjectOverview.aspx?projectId=321.  Accessed July 11, 2017. 
2 https://www.weather.gov/mob/20140429_flashflood.  Accessed July 11, 2017. 
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2.0 INTRODUCTION 

Eleven Mile Creek is located in Township-1-South, Range-31-West, Section 3 in Escambia County, Florida. This 
area is within the Southern Pine Plains and Hills district of the Coastal Plain in the Perdido Bay Watershed 
(USGS Cataloguing Unit 03140107, Figure 1).3  

 
Figure 1.  Eleven Mile Creek watershed (USGS) 

The assessment reach includes approximately 5,600 linear feet of perennial stream, extending from State 
Highway 297A on the upstream end to the downstream crossing of Interstate 10 (Figure 2).  

 
Figure 2.  Eleven Mile Creek project location map 

 

3 https://water.usgs.gov/wsc/cat/03140107.html.  Accessed July 13, 2017. 
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The assessment reach has a watershed of 14.2 to 19.6 square miles of drainage (Figure 3).  The watershed is 
approximately 36% residential, 5% commercial, 17% forest, less than 1% open water, and 42% listed as “other”, 
per EPA’s NHDPlus (v2.1) and MyWATERS Mapper.  Eleven Mile Creek is a 303(d) listed impaired water, and 
Total Maximum Daily Loads (TMDLs) exist for fecal coliform bacteria, low dissolved oxygen, excess nutrients, 
elevated biological oxygen demand, and unionized ammonia.4   

 
Figure 3.  Eleven Mile Creek watershed delineation (Google Earth and USEPA MyWATERS) 

A historic rain event and subsequent flooding in the Eleven Mile Creek watershed led to the inundation of 
numerous homes within the vicinity of the stream.  During the span of two days, April 29th and 30th of 2014, the 
Pensacola area received over 20 inches of rain with over 15 inches falling on April 29th alone (Figure 4).5  This 
event contributed to extensive flooding in coastal Alabama and the western Florida panhandle, including the 
Bristol Park and Ashbury Hills neighborhoods adjacent to Eleven Mile Creek.   

 

4 http://restore.myescambia.com/Projects/ProjectOverview.aspx?projectId=321.  Accessed July 11, 2017. 

5 https://www.weather.gov/mob/20140429_flashflood.  Accessed July 11, 2017. 
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Figure 4.  Rainfall totals April 29-30, 2014 

In response to the flooding, Escambia County has received FEMA grant monies to acquire and demolish those 
homes impacted by the flood event and assess the potential opportunity to manage the area for flood 
mitigation and storage. In addition to flood mitigation, Escambia County is evaluating the possibility of stream 
stabilization and habitat improvement within the riparian buffer for ecological benefit. The existing FEMA 100-
year and 500-year floodplains for the assessment reach are shown in Figure 5.6 Flood mitigation and storage 
efforts would decrease the flood prone area in the Bristol Park and Ashbury Hills neighborhoods adjacent to 
Eleven Mile Creek. 
 
The purpose of this report is to provide a stream assessment of the reach of Eleven Mile Creek adjacent to 
the Ashbury Hills and Bristol Park neighborhoods, extending from State Highway 297A to the Interstate 10 
crossing.  The purpose of the assessment is to evaluate the stability of the stream; the potential for stream 
degradation; the quality of the existing stream habitat and riparian buffer; and to provide restoration or 
stabilization options for the creek, associated floodplain, and riparian buffer. 

6 FEMA FIRM map 12033C0290G 
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Figure 5.  Eleven Mile Creek assessment reach FEMA 100-year and 500-year floodplains
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3.0 STREAM ASSESSMENT METHODS 

Field assessments of Eleven Mile Creek were conducted in May and August of 2017. The May assessment was 
used to delineate subreaches within the study reach based on characteristics that differentiate it from the 
upstream and downstream sections.  The May field assessment data was also used to create local regional 
curves applicable to Eleven Mile Creek to validate the channel dimensions of the study reach. The August 
assessment data was used to evaluate stream habitat and stability by using various in-field numerical and 
categorical assessment methods and by comparing surveyed cross-section data to the local regional curves.  
The following describes the methods and procedures used to assess the existing conditions and stability of 
the Eleven Mile Creek assessment reach. 

3.1 Existing Conditions 

In order to accurately appraise the channel condition of the assessment reach, Eleven Mile Creek 
was divided into thirteen subreaches separated by distinct differences in stream characteristics 
(Table 1). A cross-section was surveyed within each of the thirteen reaches to determine channel 
dimension for comparison with a local watershed regional curve, described in Section 3.1.2. Reach 
and cross-section locations are shown in Figure 6. Longitudinal profiles were also surveyed as a 
means for determining flow rates for storm events with a recurrence interval of between 1 and 2 years. 
A storm event of this magnitude is referred to as a bankfull event and results in a channel discharge 
that transports the most sediment with the least amount of energy over time. Because of these 
events’ distinct impact on channel formation, measurements associated with bankfull are used to 
assess stream geomorphology.  

9 
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Reach Length (ft) Defining Reach Characteristics 

1 207 

Homes right on top of right bank.  High, steep banks.  Stable toes with ferns growing. Some 
bankfull bench.  Eroding banks above benches to top of bank.  Privet noted. Slightly incised 
but not entrenched. Large floodplain on left side. Strong point bar features, small lateral bar 
at end of reach.  

2 733 
Wider buffer on right bank.  Dense vegetation on banks.  More stable banks.  Popcorn and 
privet. Left bank has a low bank height ratio. Numerous lateral, mid-channel, and transverse 
bars. Right bank at a higher risk for erosion due to curvature of stream. 

3 765 Low bankfull bench.  Fully vegetated.  Invasives. Small point bar. Bank height ratios <1.5 for 
both sides. 

4 98 Natural gas line easement.  Turf and concrete flex-matting on banks. 

5 179 Eroding, slumping banks in spots, especially left bank. Very incised, close to being 
entrenched. Invasives. Minimal large woody debris. 

6 654 
More stable reach with lower banks and bankfull benches. Numerous depositional benches 
of varying elevations. Very developed point bars. Slightly incised but not entrenched.  
Invasives. 

7 449 
Ferns on bank toes. Channel actively depositing on right bank filling in bars and developing a 
bankfull bench. Seems to be widening going downstream. Mid-channel bars turning into 
lateral bars then bankfull benches.  Invasives. 

8 290 
System begins to widen.  Ferns on bank toes. Left side has low banks with active floodplain. 
Right bank has terraces and good bank vegetation. Greater presence of gravels. Channel 
continuing to widen. Lateral bars.  Invasives. 

9 277 Substantial large woody debris in the channel. Point bars, mid-channel bars, lateral bars. Bank 
hiehgts increasing going downstream. Gravels.  Invasives. 

10 476 Short reach with high left bank, likely due to house on top of bank. Incised but not 
entrenched. Little instream habitat. Mid-channel and lateral bars.  Invasives. 

11 986 
Incised but not entrenched. Mid-channel bars, point bars, lateral bars. Slightly wider than 
previous. Decent amount of large woody debris. Left bank lowers in height downstream.  
Invasives. 

12 498 At stream confluence. Right bank substantially higher than left. One long lateral bar down left 
bank. Decent leaf packs, no large woody debris. Invasives. 

13 378 
Vegetation and large woody debris above average compared to the upstream subreaches. 
Large point bar, one lateral bar forming. Slightly incised. Reach effects of backwater from I10.  
Invasives. 

Table 1.  Eleven Mile Creek assessment reach sub-reach characteristics and lengths
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Figure 6.  Eleven Mile Creek assessment reach sub-reach and cross-section locations

11 

 



Eleven Mile Creek Geomorphic Assessment April 2020 
Goodwyn, Mills & Cawood, Inc. 

3.1.1 Stream Morphology 

Local streams that traverse the Southern Pine Plains and Hills of the Gulf Coast, largely across 
gentle gradients, exhibit continuous changes in several parameters as they transition from 
one state (small bayhead stepped pools, seeps, or artesian flow) to another (channels with 
characteristics such as meanders, pools, and riffles). During this transition, they tend to 
develop wide floodplains to maintain channel competency, vertical stability, and to absorb   
storm runoff.7 However, in the case of Eleven Mile Creek, changes in watershed 
characteristics due to development have disrupted the natural stream evolution, ultimately 
resulting in poor connectivity to the floodplain. 

Cross-section data was used in conjunction with the Rosgen stream classification system to 
numerically and categorically assess the morphology of the stream and determine its 
stability. The Rosgen stream classification system uses five delineative criteria: 
entrenchment ratio, width-to-depth ratio, water surface slope, sinuosity, and channel bed 
materials.8  

• Entrenchment Ratio is a field measurement of channel incision.  Specifically, it is the 
flood-prone width divided by the bankfull width.  The flood-prone width is measured at 
the elevation of twice the maximum depth at bankfull.  Lower entrenchment ratios 
indicate channel incision.  Higher entrenchment ratios indicate a well-developed 
floodplain.  Stream classes A, F, and G have entrenchment ratios of 1.4 or less, while 
stream classes C and E have entrenchment ratios of 2.2. or more.  B streams have 
entrenchment ratios of between 1.4 and 2.2.   

• Width-to-Depth Ratio is a field measurement of the bankfull channel width divided by 
the mean bankfull depth.  The determining threshold of width-to-depth ratio for stream 
classification is 12 (bankfull width is 12 times greater than the mean bankfull depth).  
Stream classes with width-to-depth ratios of greater than 12 are B, C, and F, while stream 
classes A, E, and G have width-to-depth ratios of less than 12. 

• Water Surface Slope is a field measurement of the change in water surface elevation 
over the thalweg from the head of a riffle at the beginning of a reach to the head of a riffle 
at least 20 bankfull widths downstream.  The water surface slope is representative of the 
average hydraulic gradient of the stream reach. 

• Sinuosity is a measure of the magnitude of a stream’s meander in the valley.  Specifically, 
it is the channel thalweg length divided by the straight-line valley length.  Sinuosity is 
related to slope.  Natural streams with steep slopes have low sinuosities, and streams 
with low slopes typically have higher sinuosities, depending on valley constraints. 

7 Shaneyfelt, R.C.and Metcalf C., 2014. Coastal Alabama Pilot Headwater Stream Survey Study, ADEM-
ACNPCP, MCSWCD and U.S. EPA-R4; 53 pp. 

8 Rosgen, D. L. 1996.  Applied River Morphology.  Wildland Hydrology Books, Pasoga Springs, Colorado. 
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• Channel Bed Material is typically measured using a Wolman pebble count procedure to 
determine the median particle size.9  Gravel bed streams have median particle sizes 
ranging from 2 to 64 mm in diameter.  Sand bed streams have smaller particles, while 
cobble bed streams are larger.10 

The entrenchment and width-to-depth ratios were measured at the bankfull stage.  By its 
original definition, bankfull stage indicates the incipient elevation on the bank at which 
flooding begins. The bankfull stage and its associated discharge serve as consistent 
morphological indices that can be related to the formation and management of the 
dimensions of the channel.  Typically, in natural systems, the bankfull stage is at or near the 
top of bank.  However, if the bankfull stage is identified at an elevation lower than the top of 
the bank, the stream is incised. Incised channels are common in systems affected by local 
development and other anthropogenic influences, like Eleven Mile Creek. In these altered 
systems, bankfull indicators are often not present or are unreliable due to the ongoing stream 
evolution and departure from reference conditions. Eleven Mile Creek has little to no 
bankfull indicators that can be found with a high degree of confidence. Instead, areas of 
deposition and local scouring were identified as potential bankfull indicators, and were used 
to determine a range of elevations in which bankfull may fall. 

For each cross-section survey, the observed bed feature, drainage area, bankfull cross-
sectional area, bankfull channel width, bankfull mean depth, width-to-depth ratio, maximum 
depth from bankfull stage, flood-prone width, entrenchment ratio, and bank height ratio 
were determined and used to assign appropriate Rosgen classification for the associated 
reach. The results of these surveys are summarized in Section 4.1. 

3.1.2 Local Watershed Regional Curve – Bankfull Area 

In order to assess the channel condition of a stream, its existing channel dimension is 
compared to its target channel dimension. The target channel dimension is obtained by 
developing a regional curve reflective of natural systems near the assessment site.11 For a 
regional curve to be reflective of the local natural systems, it must incorporate the drainage 
area, bankfull width, bankfull depth, and cross-sectional area of streams within the same 
physiographic region as the assessment reach. Regional curves of bankfull cross-sectional 
area vs. drainage area generally have excellent correlation coefficients and low variance, 
making them a suitable tool for predicting an assessment reach’s ideal channel dimensions. 

9 Harrelson, Cheryl C; Rawlins, C. L.; Potyondy, John P. 1994. Stream channel reference sites: an illustrated 
guide to field technique. Gen. Tech. Rep. RM-245. Fort Collins, CO; U.S. Department of Agriculture, 
Forest Service, Rocky Mountain Forest and Range Experiment Station. p. 49. 

10 Eleven Mile Creek has sand substrate; therefore, a pebble count procedure was not necessary for stream 
classification purposes and was not performed at the time of the survey. 

11 Rosgen, D.L. (2007). In Part 654 Stream Restoration Design National Engineering Handbook (210-VI-NEH), J. 
Bernard, J.F. Fripp & K.R. Robinson (Eds.). USDA Natural Resources Conservation Service, Washington, 
D.C. 
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Thirteen cross-sections were surveyed along Eleven Mile Creek and Ten Mile Creek 
upstream and downstream of the assessment reach for the purpose of creating a local 
watershed regional curve (Figure 7). 

 
Figure 7.  Eleven Mile Creek regional curve data locations 

Bankfull width, bankfull depth, width-to-depth ratio, and cross-sectional area was calculated 
for each cross-section (Table 2). These parameters were plotted against the cross-section’s 
associated drainage area to develop the regional relationship of the local watershed (Figure 
8). A bankfull area of 37.03 x DA0.6863 with a coefficient of determination of 0.91 was the result 
of the survey. This relationship can be used to evaluate the cross-section data surveyed 
along the assessment reach.  
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Location Channel 
Classification 

Drainage  
Area (mi2) 

Bankfull  
Area (ft2) 

Bankfull  
Width (ft) 

Bankfull 
Depth (ft) 

W/D 
Ratio 

10 Mile US XS 1 E6 4.90 104.23 30.48 3.42 8.92 
10 Mile US XS 2 E6 4.93 103.74 26.93 3.85 6.99 
11 Mile US XS 3 E6/C6 8.97 165.94 41.20 4.03 10.23 
11 Mile US XS 2 E6/C6 8.99 171.15 45.74 3.74 12.23 
11 Mile US XS 1 E6/C6 9.00 176.43 44.16 4.00 11.05 
11 Mile DS XS 1 E6/C6 14.13 256.36 50.73 5.05 10.04 
11 Mile DS XS 2 E6/C6 14.15 220.54 52.41 4.21 12.46 
11 Mile DS XS 3 E6/C6 14.18 212.47 52.94 4.01 13.19 
11 Mile DS XS 4 E6 14.18 259.89 50.66 5.13 9.88 
11 Mile DS XS 5 E6/C6 14.19 239.54 50.88 4.71 10.81 
11 Mile DS XS 6 E6/C6 14.19 265.07 55.93 4.74 11.80 
11 Mile Hwy 90 XS1 E6 19.74 243.07 48.29 5.03 9.59 
11 Mile Hwy 90 XS2 E6 19.77 254.63 48.79 5.22 9.35 

Table 2.  Eleven Mile Creek mini regional curve data 

 
Figure 8.  Eleven Mile Creek mini regional curve 

3.1.3 Rapid Stream Assessment 

During the August survey, stream conditions for each subreach were evaluated using the 
two-page Auburn University Stream Condition Rapid Assessment worksheet.12 This 
worksheet was developed in cooperation with EPA Region 4 to support watershed 
assessment and stream restoration planning. The worksheet evaluates several important 
geomorphic and ecological parameters including vegetation and habitat. 

12 Brantley, Eve. “Stream Condition Rapid Assessment.” Auburn University, 2016. 
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The value of the rapid assessment worksheet is in identifying critical factors of concern. For 
each of twelve assessment parameters, each subreach was assigned a rating of Good, Fair, 
or Poor based on visual assessment in relation to natural stream conditions in the region. For 
this assessment, we were not concerned with the total score as much as identifying 
parameters of concern relevant to the sediment stressor identification objectives of this 
study. Each parameter is discussed below in relation to the Eleven Mile Creek study. 

• Upstream watershed impacts from stormwater, wastewater, or sediment: We 
focused on visible impacts of upstream stormwater causing excessive erosion or 
upstream sediment loading causing aggradation or habitat impacts. 

• Local stream reach impacts from ditches, pipes, livestock, utilities, or roads: We 
focused on stormwater outfalls and utility easements. 

• Channel dimension related to bankfull cross-section measurements: We observed 
several reaches with disequilibrium indicated by channel incision and widening as 
compared to regional data. 

• Channel pattern related to planform measurements: Because the sub-reaches are so 
short in comparison to the assessment reach, we scored this section based on the 
channel pattern of the entire assessment reach. 

• Channel bed profile related to longitudinal profile measurements: We observed 
several reaches with disequilibrium due to aggradation indicated by a lack of 
distinguished pools and riffles. 

• Streambank stability and protection from erosion: We observed several reaches with 
moderate to very high erodibility resulting from bare soil, eroding bends, steep banks, 
high banks, lack of roots, and high near-bank stress conditions. 

• Floodplain connection for bankfull flood access: We calculated bank height ratio (BHR) 
based on visual estimation to rate this parameter as Good (BHR < 1.2), Fair (BHR = 1.2–1.9), 
or Poor (BHR > 2). 

• Floodplain morphology to dissipate flood energy and minimize erosion: We estimated 
the width of effective floodplain and identified reaches of concern where entrenchment 
ratios were less than 5 and/or had substantial contractions. 

• Riparian vegetation to provide shade, nutrient uptake, and food sources: We focused 
on natural deep-rooted buffers effective in stabilizing streambanks and supporting 
aquatic habitats. Several reaches were found to have impaired riparian vegetation due 
to adjacent land use management or overbearing presence of exotic species. 

• Habitats including diverse bedform, large woody debris, leaf packs, root hairs: We 
focused on evaluating the existing in-stream features for suitability for 
macroinvertebrate habitat, including the presence of deep pools, narrow fast-flowing 
riffles, overhanging banks and vegetation, and large woody debris. 
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• Water quality and stream bed sediments: We focused on the turbidity of the water and 
the embeddedness of riffles due to fine sediments from bank erosion and insufficient 
stream power in over-wide channel segments. 

• Presence of desirable fish and macroinvertebrates expected for watershed: We did 
not collect aquatic biota for this study, but a ranking was assigned based on the 
presence of suitable habitats for aquatic biota. 

3.2 Streambank Stability 

Streambank instability typically indicates excessive bank erosion. Contributing factors to bank 
erosion are high banks due to channel incision, a lack of deep-rooted vegetation, and highly erodible 
soil materials in the streambank. Local instability can also occur in isolated locations as the result of 
channel constrictions or flow obstructions (culverts, utility crossings, debris, or other structures). 
Streambanks are eroded by moving water or by collapse (mass failure).  Collapse typically occurs 
when a bank is undercut by moving water and the strength of the bank materials is insufficient to 
resist gravitational forces. Banks that are collapsing or are soon to collapse are considered 
geotechnically unstable.  Portions of the study reach had noticeable bank collapses or areas nearing 
bank collapse, especially in sections where one bank was significantly higher than the other. 

For the cross-sections surveyed along the assessed reach, a Bank Erosion Hazard Index (BEHI) survey 
was conducted to provide an estimation of stream stability and erodibility.13  The BEHI index is one 
of several procedures for assessing stream bank erosion condition and potential.  It assigns point 
values to several aspects of bank condition and provides an overall score that can be used to 
inventory stream bank condition over large areas, prioritize eroding banks for remedial actions, etc. 

A Near Bank Stress (NBS) estimation was also calculated for each cross-section. The NBS assessment 
rates the influence of energy distribution against streambanks. The BEHI and NBS assessment results 
were then used to estimate the annual erosion rate and to prioritize reaches for restoration. 

The BEHI surveys consist of the following parameters: 

• Bank height ratio 
• Ratio of root depth to bank heights 
• Root density, in percent 
• Bank angle, as measured from the horizontal 
• Surface protection provided by vegetative cover, rocks, logs, and other debris, in percent 
• Adjustments based on bank materials  

13 Rosgen, D. L. 2001.  A practical method of computing streambank erosion rate.  Proceedings of the Seventh 
Federal Interagency Sedimentation Conference, Vol. 2, pp. II – 9-15, March 25-29, 2001, Reno, NV. 
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Adjective Hazard or risk 
rating categories 

Bank Height/ 
Bankfull Ht 

Root Depth/ 
Bank Height 

Root 
Density, % 

Bank Angle 
(Degrees) 

Surface 
Protection, % Totals 

Very Low 
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80  
Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 5-9.5 

Low 
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55  
Index 2.0-3.9 2.0-3.9 2.0-3.9 2.0-3.9 2.0-3.9 10-19.5 

Moderate 
Value 1.2-1.5 0.49-0.3 54-30 61-80 54-30  
Index 4.0-5.9 4.0-5.9 4.0-5.9 4.0-5.9 4.0-5.9 20-29.5 

High 
Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15  
Index 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 30-39.5 

Very High 
Value 2.1-2.8 0.14-0.05 14-5.0 91-119 14-10  
Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 40-45 

Extreme 
Value >2.8 <0.05 <5 >119 <10  
Index 10 10 10 10 10 46-50 

For adjustments in points for specific nature of bank materials and stratification, the following is used: 
Bank Materials:  bedrock (very low), boulders (low), cobble (subtract 10 points unless gravel/sand>50%, then no 
adjustment), gravel (add 5-10 points depending on % sand), sand (add 10 points, silt/clay (no adjustment) 
Stratification:  Add 5-10 points depending on the number and position of layers. 

Table 3. Bank Erosion Hazard Index and Adjustment Factors 

The NBS estimation was calculated using a combination of three methods: (1) channel pattern or 
depositional features causing NBS, (2) the ratio of near-bank maximum depth (dnb) to bankfull mean 
depth (dbkf), and (3) the ratio of radius of curvature (Rc) to bankfull width (Wbkf). Once the relevant 
parameters were determined, a categorical rating of the near bank stress was assigned according to 
Table 8 below. An NBS rating was assigned for both banks of each reach.   

Channel and Depositional Pattern dnb/dbkf Rc/Wbkf NBS Rating 

– < 1.00 > 3.00 Very Low 

– 1.00 -1.50 2.21 – 3.00 Low 

–  1.51 - 1.80 2.01 – 2.20 Moderate 

Transverse and/or mid-channel bars 1.81 - 2.50 1.81 – 2.00 High 

Transverse and/or mid-channel bars 2.51 - 3.00 1.50 – 1.80 Very High 

Extensive deposition, chute cutoffs, down-valley  
meander migration, converging flow  > 3.00 < 1.50 Extreme 

Table 4.  Near Bank Stress ratings 

Shear stresses were further evaluated using a hydraulic model created in HEC-RAS using survey data. 
The model was validated by comparing it to the ICPR floodplain model provided by The Mott 
MacDonald Group. Once the model was validated, it was used to evaluate the shear stresses and 
velocities that the assessment reach experiences during a bankfull and 25-year storm event. For the 
bankfull event, shear stress was evaluated for the channel as a whole. For the 25-year event, the shear 
stress was evaluated for each bank.  
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3.3 Riparian Assessment 

Healthy forested riparian buffers are critical for stabilizing streambanks, filtering stormwater runoff 
pollutants, and providing shade and food sources for enhancing aquatic habitat.  The riparian 
condition of the Eleven Mile Creek study reach was assessed during the August survey to evaluate 
the current health of the plant community and to identify opportunities for improving natural riparian 
functions.   
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4.0 STREAM ASSESSMENT RESULTS 

The following details the findings from the August stream assessment using the previously described 
methods. 

4.1 Stream Morphology 

Eleven Mile Creek has little to no bankfull indicators that can be found with a high degree of 
confidence. Instead, areas of deposition and local scouring were identified as potential bankfull 
indicators, and were used to determine a range of elevations in which bankfull may fall.  To help 
determine the appropriate bankfull call at a given reach, the distance from water surface to bankfull 
was measured and compared to the distance measured at the other reach cross sections. 
Theoretically, the distance from water surface to bankfull should not vary significantly over the length 
of the assessment reach, as long as major transitions in the stream and watershed characteristics 
(such as changes in Rosgen stream classification, watershed size, or land use) do not occur along the 
reach.   

In order to further validate the most likely bankfull elevation within the range indicated in the field, 
the observed bankfull area for each cross-section was compared to the predicted bankfull area 
estimated from the regional curve relationship. Table 5 provides the predicted bankfull areas 
interpolated from the mini regional curve for comparison with the observed bankfull areas. The 
bankfull areas for the assessment reach range from 225.61 to 293.19 ft2, with an average area of 248.84 
ft2. Every observed bankfull area is within 10% of the predicted bankfull area; thereby validating the 
bankfull elevation selected for each cross-section.  

Once bankfull elevations were determined for the cross-sections, the calculated parameters in 
Table 6 were compared to further validate the survey data. The bankfull discharges for the 
assessment reach range from 833.11 to 947.51 cfs, with an average flow rate of 877.97 cfs. The 
remaining parameters were consistent between reaches, further corroborating the survey data.  

Location Observed 
Bankfull Area (ft2) 

Predicted 
Bankfull Area (ft2) 

Percent 
Difference 

R1 XS 240.73 227.87 5.49% 
R2 XS 236.60 228.26 3.59% 
R3 XS 229.42 229.82 0.17% 
R4 XS 246.39 230.13 6.83% 
R5 XS 225.61 241.05 6.61% 
R6 XS 251.12 241.98 3.71% 
R7 XS 240.33 242.97 1.09% 
R8 XS 230.47 243.22 5.38% 
R9 XS 258.40 243.58 5.90% 
R10 XS 252.92 244.13 3.54% 
R11 XS 237.85 245.50 3.16% 
R12 XS 291.89 270.97 7.43% 
R13 XS 293.19 271.60 7.64% 

Table 5.  Eleven Mile Creek Assessment Reach Observed and Predicted Bankfull Area 
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Location Channel 
Classification 

Drainage 
Area (ft2) 

Bankfull 
Area (ft2) 

Discharge 
(cfs) 

Bankfull 
Width (ft) 

Bankfull 
Depth (ft) 

W/D 
Ratio 

Entrenchment 
Ratio 

R1 XS E6 14.30 240.73 897.03 44.72 5.38 8.31 6.88  
R2 XS E6 14.34 236.60 860.06 48.53 4.87 9.96 5.75 
R3 XS E6/C6 14.48 229.42 837.73 45.12 5.08 8.87 9.64  
R4 XS E6 14.51 246.39 913.48 47.89 5.15 9.31 10.67  
R5 XS E6 15.53 225.61 841.51 43.59 5.18 8.42  6.53 
R6 XS E6/C6 15.62 251.12 947.51 50.14 5.01 10.01  5.94 
R7 XS E6 15.71 240.33 833.11 53.01 4.53 11.69  5.40 
R8 XS C6 15.73 230.47 837.05 45.85 5.03 9.12  4.71 
R9 XS E6/C6 15.77 258.40 886.37 59.08 4.37 13.51  4.31 
R10 XS E6 15.82 252.92 940.54 49.79 5.08 9.80  6.26 
R11 XS E6 15.95 237.85 863.31 47.28 5.03 9.40  9.19 
R12 XS E6 18.43 291.89 1129.16 54.43 5.36 10.15  17.49 
R13 XS E6 18.49 293.19 1126.93 54.43 5.39 10.10  7.47 

Table 6.  Eleven Mile Creek Assessment Reach Cross-Section Survey Data 

4.2 Rapid Stream Assessment 

The results of the Rapid Stream Assessment are presented in Table 7. The level of concern is rated 
as either “Low,” “Moderate,” “High,” or “Very High” based primarily on geomorphic stability as 
evidenced by bank erosion and channel evolution scenario. Stream reaches rated “Very High” and 
“High” have inherent geomorphic instabilities and potentially eroding banks warranting further 
investigation. These reaches are likely to be significant sources of sediment loading in the watershed 
and are strong candidates for restoration and stabilization projects to improve watershed health.  

Reach Stream Condition Level of Concern 
1 Poor Very High 
2 Fair High 
3 Fair High 
4 Poor Very High 
5 Fair High 
6 Fair High 
7 Fair High 
8 Fair High 
9 Fair High 
10 Fair High 
11 Fair High 
12 Fair High 
13 Fair High 

Table 7. Rapid Stream Assessment results with corresponding level of concern 

The level of concern for the thirteen reaches ranges from high to very high. Of the parameters 
evaluated in the rapid assessment, the reaches consistently scored lowest on those related to 
bankfull access to floodplain, riparian vegetation, in-stream habitat, and sediment erosion and 
aggradation. 
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4.3 Erosion Rate Assessment 

Results of the BEHI evaluation are summarized in Table 8.  The field-measured parameters were 
converted to a BEHI index for both banks on each reach.  BEHI categories for the study reach ranged 
from Moderate to Very High for erodibility potential.  This information is useful for prioritizing 
restoration efforts and for estimating the relative contributions of stream reaches to downstream 
sedimentation impacts. 

Reach Bank 
Bank 

Height 
Ratio 

Root 
Depth 
Ratio 

Root 
Density 

Bank 
Angle 

Surface 
Protection 

Adjustment 
for Soil 

BEHI 
Index Category 

1 
Left 1.73 0.83 41.5 75 40 10 35.4 High 

Right 1 1 75 85 75 10 22.6 Moderate 

2 
Left 1.64 1 65 60 30 10 29.5 Moderate 

Right 3.62 1 75 50 40 10 30.5 High 

3 
Left 1 1 70 65 70 10 20.6 Moderate 

Right 1.99 1 75 85 70 10 29.9 High 

4 
Left 1.88 0.077 3.04 55 98 0 40.6 Moderate 

Right 2.02 0.071 2.88 50 95 0 40.5 Moderate 

5 
Left 2.79 1 45 70 30 10 34.5 High 

Right 1.40 1 65 80 65 10 40.6 Very High 

6 
Left 1.47 1 30 45 20 10 31.8 High 

Right 2.21 1 35 70 40 10 31.4 High 

7 
Left 1.37 1 85 70 75 10 24.1 Moderate 

Right 1.53 1 5.2 37 10 10 31.3 High 

8 
Left 1 1 70 80 50 10 23.6 Moderate 

Right 3.99 1 65 70 40 10 33 High 

9 
Left 1.83 1 40 70 45 10 32.1 High 

Right 1.53 1 30 40 40 10 30.0 High 

10 
Left 2.11 1 55 80 55 10 32.1 High 

Right 1.50 1 45 70 45 10 30.6 High 

11 
Left 1.93 1 30 15 30 10 31.6 High 

Right 1.61 1 60 60 50 10 29.9 High 

12 
Left 1.13 1 60 60 50 10 22.7 Moderate 

Right 3.53 1 45 80 30 10 37 High 

13 
Left 1.36 1 45 70 30 10 30.6 High 

Right 1.36 1 80 80 75 10 25.5 Moderate 
 Table 8. Bank Erosion Hazard Index results for each reach 

A categorical rating of the near bank stress was assigned according to Table 4 previously presented 
in Section 3.2. Results of the NBS evaluation are summarized in Table 9.  NBS ratings for the study 
reach ranged from Low to Extreme. 
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Table 9.  Near Bank Stress evaluation results for each reach 

Streambank erosion is highly influenced by streambank characteristics as they relate to erodibility 
potential and the hydraulic and gravitational forces that the bank experiences.14 Once categorical 
ratings of BEHI and NBS were established, the annual erosion rate was estimated for each reach. 
Figure 8 shows the estimated erosion rate range for each bank along the assessment reach.  

The estimated erosion rates are highly influenced by connectivity to the floodplain (or lack thereof). 
Reaches with high bank height ratios have inactive floodplains, high potential for erosion, and would 
benefit most from increased access to the floodplain. In this way Figure 8 can be used to prioritize 
reaches for restoration.  

 

 

14 Rosgen, D. L. 2001.  A practical method of computing streambank erosion rate.  Proceedings of the Seventh 
Federal Interagency Sedimentation Conference, Vol. 2, pp. II – 9-15, March 25-29, 2001, Reno, NV. 

Reach Bank NBS Rating 

1 
Left Moderate 

Right Low 

2 
Left Moderate/High 

Right High 

3 
Left Low 

Right High 

4 
Left High 

Right High 

5 
Left High 

Right Moderate 

6 
Left Moderate 

Right High 

7 
Left Moderate/High 

Right Moderate/High 

8 
Left Low 

Right High 

9 
Left High 

Right Moderate 

10 
Left High 

Right Moderate 

11 
Left High 

Right Moderate 

12 
Left Moderate 

Right Very High 

13 
Left Moderate 

Right Moderate 
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Figure 9.  Eleven Mile Creek assessment reach estimated erosion rates
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4.4 Hydraulic Modeling 

For the bankfull event, shear stress was evaluated for the channel as a whole. The shear stresses 
ranged from 0.12 to 0.40 lb/ft2, with Reach 5 experiencing the highest stress. For the 25-year event, 
the shear stress was evaluated for each bank. The stresses ranged from 0.00 to 0.91 lb/ft2, with the 
right bank of Reach 12 experiencing the highest stress. The results of the model are summarized in 
Table 10 and displayed  visually in Figures 10 and 11. 

Reach 
Bankfull Stress 25-Year Stress 

Channel Left Bank Channel Right Bank 
lb/ft2 

1 0.29 0.13 0.14 0.57 
2 0.33 0.03 0.08 0.60 
3 0.16 0.04 0.11 0.31 
4 0.39 0.20 0.08 0.74 
5 0.40 0.18 0.02 0.60 
6 0.29 0.00 0.11 0.53 
7 0.29 0.06 0.14 0.49 
8 0.22 0.09 0.17 0.50 
9 0.19 0.04 0.03 0.37 
10 0.12 0.12 0.05 0.30 
11 0.25 0.16 0.09 0.52 
12 0.28 0.18 0.14 0.91 
13 0.26 0.08 0.19 0.58 

Table 10.  HEC-RAS model shear stress results for Eleven Mile Creek assessment reach 
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Figure 10.  Eleven Mile Creek assessment reach modeled bankfull event shear stresses 
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Figure 11.  Eleven Mile Creek assessment reach modeled 25-year event shear stresses
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4.5 Riparian Assessment 

Table 10 shows the estimated buffer composition of Chinese privet and tallow and indicates the 
presence of other vegetation species for each reach. The stream corridor is primarily vegetated by 
the exotic invasive Chinese privet (Ligustrum sinense), which provides little to no benefit for 
streambank stabilization or aquatic habitat. The buffer is lacking in fully-grown trees and, of the 
existing, most are Chinese tallow (Triadica sebifera), another exotic invasive. The Chinese privet and 
Chinese tallow are providing much of the surface protection and root density that is helping stabilize 
the banks; however, they have the potential to limit or out-compete indigenous species.  These 
invasive species will continue to threaten the establishment of stable, forested plant communities 
unless removed. The long-term ecological success of stream restoration projects is enhanced by 
encouraging indigenous plant communities and eradicating aggressive exotic species. 

The buffer is comprised of both wetland and upland habitat. A wetland delineation was performed 
by The Mott MacDonald Group. The extent of the wetland area is displayed in Figure 12. 

 Reach 
 1 2 3 4 5 6 7 8 9 10 11 12 13 

INVASIVE SPECIES              
Chinese Privet 20% 30% 45%   >50% 30% 30% 30% 30% 30% 30% 30% 30% 
Chinese Tallow <10% <10% <10%   >40% 30% <10% <10% <10% <10% <10% <10% <10% 
Mimosa         X                 
NATIVE SPECIES              
Trumpet Vine X   X X X X X X X X X X X 
Water Oak X X X   X X X X X X X   X 
Muscadine X X     X X X X X X X   X 
Sycamore X   X   X X   X     X X X 
Shortleaf Pine X X       X   X   X X X X 
Wax Myrtle X X       X X   X X   X   
Slash Pine X X       X   X   X X   X 
Southern Magnolia   X     X             X   
Shrubs       X     X           X 
Tulip Poplar   X                   X X 
Box Elder   X         X             
Sweet Bay Magnolia X       X                 
Cedar             X             
Ferns         X                 
Grasses       X                   
Southern Live Oak X                         
River Birch X                         

Table 11. Noted riparian vegetation for each reach of Eleven Mile Creek 
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Figure 12.  Eleven Mile Creek assessment reach wetland delineation results (from The Mott MacDonald Group)
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5.0 SITE CONSTRAINTS 

The project location presents some challenges due to its physical constraints. The beginning of the 
assessment reach is bound by State Highway 297A. The culverts used to channel Eleven Mile Creek 
underneath the highway demands a set elevation for the invert at the upstream end of the reach. 
Similarly, the downstream end of the reach is bound by the Interstate 10 crossing. This crossing 
demands a set channel width that cannot be exceeded. The stream is also laterally constrained by 
the private residences that run the length of the reach. Escambia County has acquired some private 
residences directly adjacent to the study reach. Figure 13 shows the status of the county’s acquisition 
process. The figure also shows the easement lines and parcels where there are existing storm water 
ponds. 
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Figure 13.  Eleven Mile Creek assessment reach site constraints
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6.0 FINDINGS 

The Eleven Mile Creek study reach is experiencing high flood risk, bank erosion in areas, and 
geomorphic instability due to development in the watershed. Stream assessment data, including high 
Bank Erosion Hazard Indexes, high near bank stresses, and high bank height ratios, indicates that 
restoration prioritizing bank stabilization and increased floodplain connectivity will be most cost-
effective in addressing these risk factors. Due to the potential lateral constraints of the project, 
reaches should be prioritized for restoration based on their potential positive impact, indicated by 
estimated erosion rates and available land for floodplain development. Stream data also reflects 
poor in-stream habitat and a riparian buffer filled with invasive species, indicating a need for 
vegetative restoration and management. The current stream exhibits fair pattern for a channel with 
high meandering potential in a low gradient regime; therefore, restoration activities that would 
include realignment of the channel is not necessary.  

Due to the sediment loading and minimized access to its floodplain, Eleven Mile Creek is aggrading. 
Increased access to the floodplain can help combat the aggradation by allowing the water to 
dissipate energy and adequately convey sediment loading outside of the channel.  
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7.0 CONCEPTUAL DESIGN OPTIONS 

This section describes recommended restoration measures, including adjustments to stream morphology, in-
stream structures, and riparian buffers to improve the natural condition and functions of the study reach.   

7.1 Priority Restoration Methods of Approach 

This assessment evaluated various scenarios for stream restoration based on natural channel design 
methodology, taking into account constraints presented by the existing stream and surrounding land 
uses.  The most critical aspect of stabilizing incised stream channels is adequate floodplain access 
for high flow events.  An active floodplain dissipates energy during high flows by allowing water to 
spread out and decrease velocity.  This results in greatly reduced shear stress in the active channel, 
ultimately reducing bed scour and streambank erosion.  Rosgen described four restoration options 
in priority order for addressing incised alluvial streams.15  The options are described below and 
summarized in Table 12. 

7.1.1 Priority 1 Restoration  

Establish Bankfull Stage at the Historical Floodplain Elevation.  For a Priority 1 restoration, 
the incised channel is re-established at the historical floodplain elevation using the relic 
channel, or by constructing a new morphologically stable channel (Figure 14).  The channel is 
“lifted” to a higher elevation in order to connect with the historical floodplain.  The new 
channel has the dimension, pattern, and profile characteristic of a stable channel, with its 
floodplain on the existing ground surface.  The existing channel is either filled in completely 
or partially to create discontinuous oxbow lakes and offline wetlands that are level with new 
floodplain elevation.   

The surrounding land use can prohibit this restoration type.  Priority 1 restorations typically 
result in higher flood elevations and require sufficient land for meandering, which can be a 
problem where flooding and land use issues exist.  Also, physical constraints upstream and 
downstream of the restoration reach, such as permanent culverts, can render this approach 
infeasible. 

15 Rosgen, D.L. (1997). In S.S.Y Wang, E.J Langendoen, & F.D. Shields (Eds.), Proceedings of the Conference on 
Management of Landscapes Disturbed by Channel Incision. Oxford, MS: University of Mississippi.s 
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Figure 14. Conceptual cross-section of Priority 1 restoration (Doll et al, 2003) 

7.1.2 Priority 2 Restoration 

Create a New Floodplain and Stream Pattern with the Stream Bed Remaining at the 
Present Elevation.  For a Priority 2 restoration, a new, stable channel with the appropriate 
dimension, pattern, and profile is constructed at the elevation of the existing channel (Figure 
15).  A new floodplain is established at a lower elevation than the historical floodplain.  The 
new channel is typically a meandering channel with bankfull at the elevation of the new 
floodplain.  This type of project can be constructed in dry conditions while streamflow 
continues in its original channel or is diverted around the construction site. 

A major advantage of the Priority 2 approach is that flooding does not increase and may in 
some cases decrease since the floodplain is excavated at a lower elevation.  Riparian 
wetlands in the stream corridor created by the excavation may be enhanced with this 
approach.  Priority 2 projects typically produce more cut material than is needed to fill the 
old channel.  This means that designers must consider the expense and logistics of managing 
extra soil material excavated from the floodplain.  Surrounding land uses can limit the use of 
this approach if there are physical constraints regarding widening the stream corridor.   

 

Figure 15. Conceptual cross-section of Priority 2 restoration (Doll et al, 2003) 
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7.1.3 Priority 3 Restoration 

Widen the Floodplain at the Existing Bankfull Elevation.  Priority 3 restorations increase 
access to the floodplain at the existing channel elevation by excavating a floodplain bench 
on the side of the channel. The channel may also be converted to a more stable stream at 
the existing elevation and with the existing pattern of the channel (Figure 16).  This approach 
involves establishing proper dimension and profile by excavating the existing channel to 
change stream classification (e.g., convert streams classified as F and/or G to C or E 
classification). This restoration concept is implemented where streams are confined 
(laterally contained) and where physical constraints limit the use of Priority 1 or 2 restorations.  
A Priority 3 restoration can produce a moderately stable stream system but may require 
structural support and maintenance attention.  For these reasons, it may be more expensive 
and more complex to construct, depending on valley conditions and structure requirements. 

 

Figure 16. Conceptual cross-section of Priority 3 restoration (Doll et al, 2003) 

7.1.4 Priority 4 Restoration  

Stabilize Existing Streambanks in Place. For a Priority 4 Restoration approach, the existing 
channel is stabilized in place using materials and methods that decrease streambed and 
streambank erosion, including rip rap, gabions, and bio-engineering methods. This method 
fails to address excessive shear stress and velocity that causes channel impairment, greatly 
reduces the quality of aquatic habitat, and does not look natural to a viewer.  It is the least 
desirable option from a morphological, biological, and aesthetic standpoint.  
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Restoration 
Priority 

Advantages Disadvantages 

1 

• Results in long-term stable stream 
• Restores optimal habitat values 
• Enhances wetlands by raising water 

table 
• Minimal excavation required 

• Increases flooding potential 
• Requires wide stream corridor 
• Unbalanced cut/fill 
• May disturb existing vegetation 

2 

• Results in long-term stable stream 
• Improves habitat values 
• Enhances wetlands in stream 

corridor 
• May decrease flooding potential 

• Requires wide stream corridor 
• Requires extensive excavation 
• May disturb existing vegetation 

3 
• Results in moderately stable stream 
• Improves habitat values 
• May decrease flooding potential 
• Maintains narrow stream corridor 

• May disturb existing vegetation 
• Does not enhance riparian wetlands 
• Requires structural stabilization measures 

4 
• May stabilize streambanks 
• Maintains narrow stream corridor 
• May not disturb existing vegetation 

• Does not reduce shear stress 
• May not improve habitat values 
• May require costly structural measures 
• May require maintenance 

Table 12. Advantages and disadvantages of restoration priorities for incised streams 

7.2 Priority 1 Options 

Priority 1 restoration of Eleven Mile Creek would require lifting the channel to the historical floodplain 
elevation, a construction effort that would increase the base flood elevation by at least two feet. This 
would exacerbate flooding concerns in areas adjacent to the channel, which have already proven 
susceptible to flooding. 

A Priority 1 restoration would also require channel realignment. The current stream exhibits decent 
pattern for a channel with high meandering potential in a low gradient regime. It does not appear to 
have been altered or realigned to accommodate development of the land adjacent to it, and does 
not require realignment for restoration purposes. Any channel realignment efforts would be an 
unnecessary expense.  

The physical constraints of the assessment reach prohibit a Priority 1 restoration. The upstream end 
of the reach is an existing road crossing with culverts that would prevent raising the channel invert at 
the upstream end.  The downstream end is bound by the interstate crossing which demands a set 
channel width that cannot be widened.  Additionally, two pressurized natural gas pipelines cross the 
channel in Reach 4. Construction activities, namely placing fill and rerouting the channel over these 
pipes, could prove a hazardous activity.   

Given these reasons, Priority 1 restoration is eliminated as a possible restoration option for Eleven 
Mile Creek.  
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7.3 Priority 2 Options 

Priority 2 restoration for Eleven Mile Creek would mitigate the flood risk in the neighboring areas by 
providing a floodplain at a lower elevation than the existing floodplain. However, like a Priority 1 
restoration, it would involve unnecessary channel realignment. Additionally, this approach would 
require extensive excavation to reroute the channel and create a new, wide floodplain at a lower 
elevation. The financial demands of this activity would likely be excessive in regards to a cost-benefit 
relation. 

Moreover, a Priority 2 approach would be constrained physically by any residence that remains 
within vicinity of the channel. This could potentially be a concern for reaches 1, 2, 4, 6, 7, 8, and 13, due 
to the residences directly adjacent to the creek. And, as is a concern with the Priority 1 approach, the 
risk of extensive earthwork in the vicinity of the pressurized gas pipelines is perhaps too high to 
justify this priority approach. 

Given these reasons, Priority 2 restoration is eliminated as a possible restoration option for Eleven 
Mile Creek. 

7.4 Priority 3 Options 

Priority 3 restoration for Eleven Mile Creek would increase access to the floodplain at the existing 
elevation, thereby increasing flood storage and lowering the flood risk of the neighboring areas. This 
increased connection to the floodplain would also reduce near bank shear stresses and the potential 
for erosion.  

Priority 3 restoration would also provide the opportunity to improve the quality of the riparian buffer 
if native vegetation were planted along the excavated floodplain benches. The planted vegetation 
would also help to stabilize the banks over time. In addition to planting the benches with native 
vegetation, the lower banks should also be managed for the removal of existing invasive vegetation 
and prevention of future invasive growth. 

This restoration method is ideal for channels with lateral physical constraints. Since channel 
realignment is not necessary, the extents of the channel and its floodplain would only need to be 
expanded for the purpose of floodplain connectivity. This can be achieved by excavating bankfull 
benches only on banks that would significantly benefit from increased floodplain connectivity and 
that have adequate space. Banks can be prioritized for restoration based on the survey information 
presented in the previous sections.  As with the other priority options, cut must be disposed of 
somewhere, which could raise the cost of the restoration. However, the cut associated with Priority 
3 should be less than Priorities 1 or 2 due to the lack of excavation for channel realignment. 

7.5 Priority 4 Options 

Two Priority 4 restoration options exist for Eleven Mile Creek. The first option involves grading the 
streambanks back at a more gradual slope to address reaches with high bank angles, as well as 
installing erosion control matting and native vegetation. This would help address excessive near bank 
stress on banks with high bank height ratios and/or high bank angles. This is a low cost option, 
compared to Priorities 1-3, that provides riparian improvement and lowers the erosion potential of 
the banks. However, this method does not provide any flood storage to reduce the flood risk of the 
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neighboring areas. It also results in a larger channel, which increases the potential for aggradation, an 
issue that the stream is already experiencing. Some management would be required to reduce the 
risk of invasive species competing with the planted vegetation.  

The second option involves removing all vegetation, grading the banks on a 50% grade (2:1 slope) at 
maximum, where needed, and armoring them with tied concrete block mat. This is a proven and 
familiar technique for reducing bank erosion; however, it is not natural and provides little to no 
ecological benefit for the area. In fact, this method has the potential to degrade the water quality in 
the area by increasing water temperature and decreasing dissolved oxygen concentration.  

7.6 No Restoration 

If no restoration is implemented, the issues identified in the stream assessment will not be addressed. 
Degradation of the stream banks will continue, the riparian buffer will continue to be overrun with 
invasives, and the flood risk for the neighboring areas will not be mitigated. However, this method has 
no immediate cost. 
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8.0 RECOMMENDATIONS 

In addressing the issues associated with the assessed reaches of Eleven Mile Creek, it is 
recommended a triple-strategy approach be implemented to address flooding, streambank stability, 
and environmental concerns.  These strategies include construction of floodplain shelves, strategic 
implementation of instream structures, and native riparian buffer enhancement. 

Construction of floodplain shelves at an elevation below top of bank will address streambank 
stability and flooding issues.16 This Priority 3 restoration approach maintains the existing stream 
alignment while adding floodplain storage along the channel to reduce shear stress and flood stage 
during high flows.  Figure 17 shows properties that have been acquired by Escambia County. The best 
areas for floodplain shelf implementation are areas where contiguous properties are available, 
including the lots identified as 5 through 9 in the figure.  Floodplain shelf implementation on 
contiguous properties provides optimal value for streambank protection and flood stage reduction.  
If additional properties are acquired that create longer contiguous reaches of county-owned lots, 
these areas will provide additional opportunities to implement extensive floodplain shelves.  The 
best opportunity for this exists with the lot between areas identified as 1 and 2 in the figure.  Should 
attempts be made to acquire additional property, the optimal minimum width to obtain for 
floodplain expansion should be at least twice the channel width to provide valuable flood storage 
and energy dissipation.  Figure 18 shows a conceptual grading plan for the implementation of a 
floodplain shelf. 

Creating floodplain shelves on noncontiguous, single-lot properties would require sudden expansion 
and contraction of the floodplain which could cause scour and erosion issues on the bank and 
floodplain.  Additionally, these noncontiguous properties are largely located on outside bends, 
where they would be susceptible to higher stresses, which could potentially impact the bank and 
floodplain stability as a result of surface disturbance associated with construction activities.  
Extensive floodplain grading on the outside bends where vegetation is well-established would have 
value if the entire length of floodplain is available for excavation such that there is no floodplain 
contraction. 

Escambia County acquired a parcel (Parcel Number 03-1S-31-1800-000-080) located along the east 
bank in Reach 5, downstream of the natural gas pipeline crossing.  The parcel contains a stormwater 
pond that is not currently well maintained. If the floodplain along this parcel can be lowered to allow 
for regular flooding energy dissipation and sediment deposition, there would be some value to the 
overall ecosystem.  Excavating floodplain would be a low maintenance practice, with management 
of exotic, invasive vegetation being the main maintenance need if habitat enhancement is an 
objective. The local floodplain expansion and contraction must be evaluated at each property where 
this treatment is proposed so that hydraulic forces are understood.   

Figure 17 also shows the greenbelt easements along streambanks held by Escambia County.  These 
areas offer the potential for additional floodplain shelves along extensive reaches of the study 

16 Considering the studied reaches of Eleven Mile Creek is within FEMA-regulated floodway, any 
recommended construction activities in the floodway will require flood modeling studies to ensure 
engineering plans remain in compliance with “no-rise” requirements.  
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stream. These relatively narrow easement areas will not allow for wide floodplain shelves to provide 
optimal flood stage reduction but may be considered in some areas to supplement the wider shelves 
upstream and/or downstream of the areas previously recommended.  Additionally, vegetation is 
mostly well established along the banks, providing bank protection in otherwise high-stress, high-risk 
areas.  High-scale disturbance of the bank to establish a narrow floodplain shelf has the potential to 
introduce bank instability that may not currently be an issue.  Implementing a second strategy 
(discussed below) can address specific areas of bank instability without wide-scale disturbance. 

The second strategy in this recommended approach is the strategic placement of instream 
structures.  In specific areas demonstrating erosion or degradation, instream structures should be 
installed to help divert flow away from the susceptible bank.  These structures would likely be 
composed of large stone to ensure long-term viability. A secondary benefit of instream structures is 
the creation of habitat in the form of scour pools that develop downstream of the structures. 

Large stone is not natural for this environment, and logs may be considered as an alternative where 
appropriate should stone prove undesirable.  In locations where infrastructure protection is a 
primary objective, rock is more protective and sustainable if installed correctly.  Logs would be 
expected to decay over time and may be most acceptable as a temporary measure to deflect flow 
while deep-rooted riparian vegetation becomes established over a decade or more to provide long-
term soil strengthening. If used, the logs would need to be adequately keyed and anchored into the 
banks to counter the buoyant nature of the logs. 

Project Reach 4 is currently bisected by a major natural gas pipeline, as referenced in Table 1 of this 
report, potentially impairing the hydraulic function of the channel.  Additionally, the existing 
vegetated concrete block matting on the banks, while maintaining bank stability, impacts the natural 
habitat function of this section of stream.  The stream system would benefit if the pipeline is moved 
and/or buried below the stream bed.  This would allow for hydraulic and sediment transport 
equilibrium through this reach.  In place of the concrete block matting, soil strengthening by native 
plants would require that woody plants be allowed to thrive along the banks, a strategy further 
described below.  (It should be noted that with the utility easement, the right-of-way along the length 
of the pipeline would need to be free of woody vegetation to allow for access and maintenance of 
the utility.) 

Finally, the installation of native vegetation and removal of invasive vegetation will provide 
restoration to the riparian buffer, enhance natural habitat, and provide additional floodplain and 
channel protection from potentially erosive forces in high flow events.  Vegetation in the riparian 
corridor benefits water quality and habitat by regulating temperature, adding organic matter (leaves 
and twigs), assisting in pollution reduction, promoting infiltration, stabilizing streambanks, and 
providing wildlife habitat.  The most stable and effective riparian buffers include a combination of 
native trees, shrubs, grasses, and herbs that form functional plant communities.   
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Figure 17.  Property acquisition status as of June 2019 
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Figure 18.  Eleven Mile Creek constructed floodplain concept
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PHOTOGRAPH PAGES 



P-1

P-2

Reach 1: Cross-section location, looking towards left bank.

Reach 1: Left bank.



P-3

P-4

Reach 1: View of State Hwy 297A, looking upstream.

Reach 2: Upstream view.



P-5

P-6

Reach 2: Downstream view.

Reach 2: Right bank.



P-7

P-8

Reach 3: Left bank.

Reach 3: Downstream view.



P-9

P-10

Reach 3: Right bank.

Reach 4: Left bank.



P-11

P-12

Reach 4: Right bank.

Reach 4: Upstream view.



P-13

P-14

Reach 5: Left bank.

Reach 5: Right bank.



P-15

P-16

Reach 5: Downstream view.

Reach 6: Upstream view.



P-17

P-18

Reach 6: Right bank.

Reach 6: Left bank.



P-19

P-20

Reach 7. Upstream view.

Reach 7. Downstream view.



P-21

P-22

Reach 7: Left bank.

Reach 8: Upstream view.



P-23

Reach 8: Left bank.

Reach 8: Downstream view.

P-24



P-25

P-26

Reach 9: Downstream view.

Reach 9: Left bank.



P-27

P-28

Reach 9: Right bank.

Reach 10: Upstream view.



P-29

P-30

Reach 10: Left bank.

Reach 10: Right bank.



P-31

P-32

Reach 11: Left bank.

Reach 11: Upstream view.



P-33

Reach 11: Right bank.

Reach 12: Upstream view.

P-34



P-35

P-36

Reach 12: Left bank.

Reach 12: Right bank.



P-37

P-38

Reach 13: View of Interstate 10 crossing, looking downstream.

Reach 13: Right bank.



P-39

Reach 13: Left bank.
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